The influence of long and short fibre amosite on the generation of tumor necrosis factor (TNF) by rat alveolar macrophages was investigated in vitro. TNF rich supernatants were prepared from macrophages cultured in F10 medium +2% Bovine Serum Albumin (BSA). Spontaneously released TNF from unstimulated macrophages and TNF rich supernatants from macrophages exposed to Lipopolysaccharide (LPS) and fibres were stored at -70°C and then tested for their cytotoxicity towards L929 cells. Maximum spontaneously released TNF was obtained from 24 hour macrophage cultures. Short amosite fibres had no significant effect in stimulating alveolar macrophages to release TNF while the 50 pg dose of long fibres resulted in significantly increased release of TNF. Cotreatment of alveolar macrophages with LPS and fibres further enhanced the TNF production and maximum production was obtained with LPS +50 pg dose of long fibre resulted in significantly increased release of TNF. Co-treatment of alveolar macrophages with LPS and fibres further enhanced the TNF production and maximum production was obtained with LPS +50 pg of long fibre amosite. The present study indicates that fibre dimension is a major factor in in vitro dust activity and TNF has a possible active role to play in dust induced inflammation in vivo.
INTRODUCTION
same potential to cause damage to lungs. Studies carried out using asbestos of different fibre lengths have revealed that dimension is a major factor in disease development with long fibres generally being more pathogenic than short2-5).
Studies have shown that long thin fibres are highly carcinogenic as well as more active in short term in vitro assays5-').
The exact mechanism by which long fibres induce lung disease is not well understood. However a number of reports suggest an important role for alveolar macrophages which deal with the deposited particles. In fibre exposed lungs macrophages accumulate at sites of fibre deposition and can be lavaged from the bronchoalveolar space in increased numbersg). Macrophages are an integral part of various aspects of immune response and play a pivotal role in cell to cell communication9). This is attained partly through the release of a range of mediators, including tumor necrosis factor (TNF).
This factor is a well characterised pro-inflammatory protein produced by activated macrophages and other cells. It is also believed to play a role in fibrogenic activity of mineral dusts in viv010 -15) .
We have previously demonstrated that a long amosite asbestos sample has much more fibrogenic2) and inflammatory5) activity than a short fibre amosite sample. In view of the possible fibrogenic role of TNF it was considered worthwhile to look into the generation of TNF by alveolar macrophage in response to the long and short asbestos samples.
MATERIALS AND METHODS

Animals
Inbred female Wistar HAN rats approximately 12 weeks of age, from the Institute of Occupational Medicine, animal unit were used throughout.
Dusts
Long and short fibre amosite was prepared from the commercially available amosite from South Africa. Nearly all the short fibres were below 10 µm while long fibres consisted of 40% greater than 10 µm and 15-20% greater than 20 µm 2, 16)
Normal (untreated) rats were killed by intraperitoneal injection of nembutal. The animal was opened and trachea tied tightly with suture thread after inserting a canula into it. Lungs were dissected free from thoracic cavity along with the trachea. 8 ml of saline, warmed at 37°C, was slowly injected into the lungs using a 10 ml syringe. Lungs were massaged lightly for approx. 30-40 sec and the BAL pushed back into the syringe using minimum pressure. Lungs were lavaged thrice and pooled lung washings collected in pre-cooled tubes. The cell suspension was spun at 1,200 rpm for 10 minutes at 4°C. Released TNF from alveolar  macrophages Cells were counted in a haemocytometer and suspended in culture medium consisting of F10 medium (Gibco, Paisley, U.K.) plus 2% bovine serum albumin (BSA, Sigma, Dorset, Poole, U.K.), 5% heat inactivated foetal calf serum (FCS, Gibco, Paisley). The cells were adjusted to a concentration of 1 x 106/ml. One ml of cell suspension (1 x 106 cells) was added into each of the 24 wells of tissue culture plates and incubated in a humidified 5% CO2 incubator at 37°C. In the first set of wells (culture I), the cells were allowed to attach for 1 hr and supernatants removed. One ml of fresh medium was added to the same wells and the supernatents removed at intervals of 2, 4, 8, 24 and 48 h, adding fresh medium each time, thus collecting spontaneously released TNF rich supernatants. The supernatants from culture I thus respresent the release of TNF between 0 and 1 h, between 1 and 2 h, between 2 and 4 h, between 4 and 8 h, between 8 and 24 h, and between 24 and 48 h. Another set of wells containing the cell suspension (culture II) was not disturbed and supernatants were removed at 24 h. Fresh medium was added and supernatants removed after incubation for another 24 h. TNF rich supernatants were thus collected at 24 and 48 h only from the start of culture II. These supernatants comprise the TNF release between 0 and 24 h and between 24 and 48h. All the supernatants were spun at 3,000 rpm for 10 minutes and cell free aliquots were stored at -70°C till analysis for TNF.
Collection of Supernatants Containing Spontaneously
Time course curve for spontaneous TNF release was plotted and the time of maximum spontaneous release determined. This time point was therefore chosen for all future experiments.
Collection of Supernatants Containing TNF Released in Response to Stimulants
One ml of macrophage cell suspensions (1 x 106) was added into each of the 24 well tissue culture plate and incubated as above for 24 h. Non adherent cells were removed and 1 ml of fresh medium having short and long amosite fibres at a concentration of 10, 25 and 50 µg/ml added. In another set of wells with attached cells, 1 ml of fresh medium supplemented with 100 ng/ml Lipopolysaccharide (LPS, Sigma L3880) plus long and short fibre amosite as above were added. The 24 well plates were incubated for 24 h. The cell free supernatants were stored as above, till analysis for TNF production in response to stimulants like LPS and long and short fibre amosite asbestos or without them.
Viability of Cells in Culture
The cell viability was assessed by trypan blue dye exclusion method both before and after treatment with stimulants by running a parallel culture.
L929 Cytotoxic Assay
The presence of TNF in macrophage supernatants was assessed by measuring their ability to cause lysis of TNF sensitive L929 cell lines (mouse fibroblasts) obtained from the Department of Rheumatology, Northern General Hospital Edinburgh.
The cytotoxicity of TNF was estimated following the method of Ruff and Gifford"~.
Briefly L929 cell lines were cultured in minimum essential medium (MEM, Gibco, Paisley) containing 5% heat inactivated FCS and antibiotics. The assay was carried out using the L929 cell suspension at a concentration of 0.3 x 106/ml in assay medium consisting of MEM and 5% heat inactivated FCS but without antibiotics.
The cell suspension was dispensed at a rate of 100 µl/well, into 96 well flat bottomed microtiter plates and incubated for 20 h in humidified 5% CO2 incubator at 37°C. The unattached cells were removed, the cultures washed with assay medium and 100 d of fresh medium containing 1 µg/ml actinomycin D (Sigma L3880) added. In experimental wells 50 µl of test substance (TNF rich supernatants) and 50 µl of 2µg/ml actinomycin D were added. Serial dilution was done using a multichannel pipette.
The microtiter plates were incubated for 20 h in 5% CO2 at 37°C. The supernatant medium was discarded and staining of L929 cells carried out by adding 100 µl of 0.5% crystal violet in 20% methanol, filtered through a 0.22 µm filter.
After 2 minutes, the cells were washed vigorously with tap water, dried and the optical density read in micro-ELISA plate reader (Dynatech Laboratories Inc., USA) at 540 nm, blanking in the cell free wells.
To verify that cytotoxicity was due to TNF, the effect of different dilutions
(1:6400-1:4000) of anti TNF serum (a gift from Dr. S. Kunkel, University of Michigan) on alveolar macrophage supernatants was assessed. Control wells contained preimmune serum.
A standard TNF curve was constructed using human recombinant TNF alpha (rTNFa) (a gift from Dr. J. Symond, Department of Rheumatology, Northern General Hospital Edinburgh).
Units of activity were determined by probit analysis and comparison to TNF standard curve. The OD read is the % killing of the target L929 cells by rTNF. One unit of TNF activity = the amount of TNF required to lyse 50% of the target cells.
RESULTS
Validity of TNF Assay and Abolition of TNF Activity by Anti TNF Serum
The addition of TNF to L929 cells caused a clear dose related loss of viability (Fig. 1) . To relate the specificity of the cytotoxic activity released by alveolar macrophages to the presence of the TNF, specific anti TNF serum or pre-immune serum was added to alveolar macrophage supernatants. The alveolar macrophage supernatants with control serum showed appreciable amount of TNF activity (Fig.  2) . The treatment of supernatants with anti-TNF serum completely neutralised the TNF activity, thus confirming the specificity of the assay for rat alveolar macrophage TNF. 
Spontaneous Release of TNF by Alveolar Macrophages
The time course for production of TNF by alveolar macrophages showed that the maximum amount of TNF was released spontaneously between 2 and 8 h. Between 8 and 24 h and at 48 h there was no detectable release of TNF into the supernatants (Fig. 3) . Supernatants obtained from macrophages cultured continuously for 24 h, without their medium being changed, showed a very large release of TNF (Fig. 3) . This was more than twice the amount that would be anticipated by adding all the production at different intervals described in the method section. During 24 h to 48 h, there was no increase in detectable TNF in the supernatant.
Effect of in vitro exposure of long and short amosite fibres on TNF secretion by alveolar macrophages TNF assay on supernatants from alveolar macrophages cultured for 24 h and then treated with 10, 25, and 50 µg/ml of long and short amosite fibres for a further 24 h revealed that short fibres had no significant effect in stimulating alveolar macrophages to release TNF. In contrast 50 µg of long fibres resulted in significant release of TNF (Fig. 4) .
Co-treatment of long amosite fibres and LPS (100 ng/ml) further enhanced the secretion of TNF by alveolar macrophages (Fig. 5) . Maximum TNF production was obtained from supernatants of alveolar macrophages stimulated with LPS and with 100 ng/ml LPS cultured for 24 h and dusts (as in Fig. 4) 
DISCUSSION
Direct interaction between dust particles and the alveolar macrophages is known to result in the release of TNF in vitro and the release of TNF due to cell-fibre interaction is believed to initiate inflammatory response following dust deposition in lungs18~. In an earlier report we described fibre-length related ability of asbestos dust to simulate release of cytokine by alveolar macrophages16' and that release is enhanced when fibres are opsonised with immunoglobulin-G (IgG). The present study confirms that normal alveolar macrophages are a rich source of TNF and produced the cytokine spontaneously in culture, without addition of any stimulant.
The specificity of the TNF released by rat alveolar macrophages was ascertained by using anti-TNF serum.
It completely neutralized the TNF activity as demonstrated by lack of killing of L929 cells,9, 20) The release of detectable TNF in supernatants without addition of stimuli can be attributed to cell handling and culturing procedures21, 22), In the present study appreciable TNF was spontaneously released between 4 and 8 h of culture but was not maximal as the cultures were disturbed by replacing the media at intervals of 2, 4, 8 and 24 h. This repeated handling and removal of TNF and other macrophage secretions from the cell layer may interfere with autocrine stimulation loops, resulting in suboptimal TNF release by alveolar macrophages. The likely importance of autocrine stimulation was further confirmed when maximum TNF production was obtained from macrophages cultured undisturbed for 24 hours. At 48 h no detectable TNF production was achieved. The production of TNF was therefore highest at 24 hours and was more than the total TNF obtained at 1, 2, 4 and 8 hours added together. The treatment of alveolar macrophages with the long amosite fibres resulted in enhanced TNF release in the present study as previously reported16~. The TNF production was greater from long amosite-treated macrophages whilst short amosite fibre-treated macrophages released equivalent amounts of TNF to untreated controls. The marked difference in stimulation by long and short fibre amosite in vitro can be correlated to a marked difference in their ability to cause disease in vivo16~. The earlier reports attributed this difference to the incomplete phagocytosis of long fibres by macrophages. The non-specific receptors at the cell surface involved in phagocytosis are crosslinked and the extended surface of long fibres provides greater surface for crosslinking. This increased crosslinking might cause cell stimulation leading to increased TNF secretion by long fibre stimulated macrophages23~. Long amosite fibres therefore cause more activation and show increased ability to produce injury and inflammation. The short fibres, on the contrary, may produce low levels of inflammation and less TNF is produced by short fibre-exposed macrophages2, s, 24). Another explanation could be that the accumulation of macrophages at the site of inflammation initiated by asbestos, may increase the functional capability of macrophages contributing to increased elaboration of TNF2S~ and our data suggestive of autocrine stimulatory factors in the supernatants support this contention.
The possibility of different adsorption of TNF onto long and short fibre amosite surface does not seem to be responsible for the observed different effects of long and short amosite. Our earlier experiments have revealed that increasing the opsonising concentration of IgG failed to even out the difference between the long and short amosite in the ability to stimulate cytokine secretion by alveolar macrophages 16) The highest dose of 50 µg/ml of long amosite fibres resulted in remarkable enhancement of TNF activity in the present study, confirming that asbestos fibres increase TNF production in a concentration dependent fashion3~. Co-treatment with long amosite and LPS further enhanced the TNF production by alveolar macrophages and maximum production was obtained with 50 µg/ml of long fibres and LPS. It' has been postulated that priming of alveolar macrophages with LPS alters them physiologically and induces them to produce more TNF than untreated alveolar macrophagesl9, 20) The results obtained in the present paper have possible significance in individuals exposed to fibres and who have concurrent infection since the modifying effects of a bacterial product such as lipopolysaccharide could alter the cytokine response 
